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Smart axes and related method 




invention relates to a displacement unit and related method, as described in the preambles 
of claims 1 and 39. 
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From DE 41 06 689 Al a method for controlling a processing machine is known, in particular 
an assembly machine and similar processing machine. The latter comprises a plurality of 
workpiece carriers, which are moved past workstations on a moving track or work line in 
transport direction. The latter are designed respectively for at least one prespecified procedure 
and are controlled at least partly by an electronic control unit. Each workstation has its own 
electronic control unit, which is equivalent to the control units of other workstations, whereby 
the control unit of each workstation only cooperates with the immediately following and/or 
immediately preceding workstation via a data and control line. At the first workstation an 
electronic protocol is established for each workpiece carrier, which in addition to an identifi- 
cation identifying or characterising said workpiece carrier contains the work to be performed 
in transport direction at subsequent workstations. Said protocol is then sent according to the 
work stages via a data line from the control unit of the preceding worktation to the control 
unit of the subsequent workstation. The disadvantage of this design is that the individual 
workstations comprise various different components according to the work to be performed, 
which excludes the serial manufacture of the various components. In this way it is not possi- 
ble to produce such an assembly machine using standardised individual components, which is 
disadvantageous for the manufacturing costs of such an assembly machine. A further disad- 
vantage is that once a production process has been commenced it is not possible to intervene 
to correct an erroneous protocol for example. Furthermore, the central monitoring or direct 
programming of a particular workstation is not possible for example with an additional simu- 
lation procedure. 

The objective of the present invention is to create a displacement unit which is composed of 
separate standardised components and can be integrated as a standardised component itself 
into a complete system and thus a modular structure - for example an assembly line - can be 
created. 
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The objective of the indention is achieved by means of the features described in the charac- 
terising part of claim/T The surprising advantage is that the control unit is connected directly 
to the displacement unit and thus expensive installation of wiring can be avoided on the one 
hand and specific functions of the adjusting unit can be preset without external programming. 
In this way for example the expense of programming can be reduced considerably and it is 
possible to produce the transport devices in series as standard units without the special manu- 
facture of parts designed for specific uses being necessary. 



A development according to claim 2 is advantageous, whereby it is possible to combine vari- 
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ous different designs of switching modules with any control modules. 

An embodiment according to claim 3 is also advantageous, whereby information can be gath- 
ered centrally from all different parts of the displacement unit. 



A development according to claim #has proved to be advantageous, which permits the rapid 

A- 

and simple manufacture of a connection. 

A further embodiment is described in claim % in which information can be transmitted from a 
central area to the various units of a displacement unit. 

If the development according to claim.o is realised, a rapid and simple line connection can be 
achieved in relation to outgoing information. 

ft 

An embodiment according to claim Jris also advantageous, in which program sequences can 
be determined directly in the control unit. 

The developments according to claims ^and 9 are advantageous, in which the control unit is 
small and a rapid transfer of information is ensured. 

An embodiment according to claim ^0'has the advantage that the control unit is independent 
of an external power supply and thus the smooth operation of the displacement 
unit is ensured. 
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A development according to claim is also possible, in which in a simple manner the device 
can be adjusted to different situations and thus a high degree of flexibility is achieved. 

An embodiment according to claims has the advantage that the transfer of power and 

information is performed by robust elements, whereby the maintenance costs of such dis- 
placement units is reduced. 

A development according to claim 16 is also advantageous, whereby the modular construction 
of the displacement unit or an assembly system composed of displacement units is improved, 
which leads in particular to a reduction in assembly costs. 
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An embodiment according to claim yf has proved to be advantageous, whereby the connec- 
tions for the control unit are designed for a modular structure of the displacement unit or as- 
sembly unit composed therefrom . 

An embodiment according to claim 1 8 has the advantage that short line lengths and thereby 
short switching and pulse times can be achieved. 



A development according to claim 7-9 is also possible by means of which the assembly of the 
switching modules can be performed rapidly and any arrangement of the switching modules 
in the displacement unit is possible. 

A development according to claim 2€f is advantageous, whereby each individual switching 
module can be controlled and monitored individually. 

The embodiment described in claim means that the volume of a pneumatic cylinder can be 
changed as a result of which the latter can be used flexibly and adapted to different condi- 
tions. 



A development according to claim ^£2 is advantageous, whereby a precise monitoring and 
thereby control of the displacement unit is made possible. 



An embodiment according to claims zi^and "24 is also advantageous, whereby a precise posi- 
tioning of a component of the displacement unit is possible, without the mechanical loading 
on braking a moved part being too great 

The developments according to claims "25. to ^7 permit a dialogue between an operator and the 
control unit, preferably directly at the displacement unit. 

A variant according to claim 28 is also advantageous, whereby assembly is facilitated and the 
manufacturing costs are thus considerably reduced. 
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A development according to claim 29 is also advantageous, whereby expensive cabling and 
piping is avoided and the assembly costs can be further reduced. 
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A development according to claims"^ and-3J is advantageous, which reduces the likelihood 
of disruption on transmitting power or control signals and the number of individual parts in a 
displacement unit is reduced thus, further improving the modular structure. 

A development according to claim 32 is also possible, permitting the simple assembly of the 
signalling and/or monitoring members on the displacement unit and in addition achieving a 
flexible arrangement thereof. 

The design described in claim ^3-3 has the advantage that information is sent via a central line 



and thus the cost of wiring is further reduced. 
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A design according to claim ^34 is advantageous, in which an individual signalling and/or 
monitoring member can be monitored and/or programmed, whereby the possible use of such 
displacement units is extended by the thus achieved flexibility. 

An embodiment according to claim 35 is also advantageous, by means of which the 

manual entering of data is avoided, and data is picked up automatically, thereby reducing the 

pulse times of an assembly system comprising several displacement units. 
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A preferred embodiment is described in claim 36, by means of which the wiring cost is further 
reduced and even greater distances for transmitting information can be bridged without in- 
creasing the likelihood of disrupting the information flow. 

By means of the embodiment described in claim ^^it is possible to detect the position of 
various members in a coordinate system and thus the relative position of two members can 
also be determined easily. 

i 

A variant according to clairn^S is also advantageous by means of which the displacement of a 
movable element of the displacement unit can be simulated directly without previously ex- 
pensive mathematical calculations of the function of the displacement being necessary. 

The objective of the invention is also achieved by the features described in the characterising 
part of claim^j^^lie surprising advantage here is that the comparison of the actual values 
with the reference values is performed automatically and if the latter differ there is an auto- 
matic adjustment of the actual value to thej&fefe nce valu e . In th is way lengthy setting and 
adjusting procedures are avoided, and in particular the sta^Ung^Lap of such a displacement unit 
or a system comprising several displacement units is simplified and the time required for this 
reduced. 



An embodiment according to claim JtO is advantageous, whereby even during the operation of 
the displacement unit or an assembly device comprising several displacement units, a perma- 
nent comparison of the reference values with the actual values or the actual values with a tar- 
get value is performed and during operation there is an adjustment of the actual values to the 
target values. 
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A development according to claim Jtfnas the advantage that the pulse times of the individual 
displacement units of an assembly device or the components of a displacement unit are de- 
termined to a common value which is preferably oriented to the greatest pulse time, so that 
unnecessary wear due to unnecessary short pulse times is avoided. 




An embodiment according to clainyfcz is also advantageous, whereby the control unit is able 
to make decisions and learn independently. 



Finally, a development according to claim 45 is advantageous, in which the intervals between 
two pieces of maintenance information or the intervals of two consecutive activations of the 
learning mode can be used as criteria for the wear or maintenance of the displacement unit, 
and thus a maintenance plan can be established which reduces maintenance costs. 

The invention is explained in more detail in the following by way of the embodiments illus- 
trated in the drawings. 

These show: 

Fig. 1 a displacement unit according to the invention, in cross section, in front elevation; 

Fig. 2 a section of the displacement unit 1 of the invention, in particular a control unit, in 
perspective view; 

Fig. 3 a section of the displacement unit of the invention, in particular a control unit, in per- 
spective view; 

Fig. 4 a further embodiment of the displacement unit of the invention, in cross section, in 
plan view; 

Fig. 5 the displacement unit of the invention, in cross section, along the lines V-V of Fig. 4; 
Fig. 6 a further embodiment of the displacement unit of the invention, in front elevation; 
Fig. 7 a block diagram of a control unit of the displacement unit of the invention; 
Fig. 8 a circuit diagram of the control unit of the displacement unit of the invention; 




Fig. 9 a time-motion diagram of the displacement unit of the invention; 
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Fig. 10 a flowchart of the method of the invention for operating the displacement unit ac- 
cording to the invention; 

Fig. 1 1 a flowchart of the method for operating the displacement unit of the invention; 

Fig. 1 2 a further embodiment of the displacement unit according to the invention, in cross 
section, in plan view; 

Fig. 13 the displacement unit of the invention, in cross section along the lines 
XHI-XIIIof Fig. 12. 

First of all it should be noted that in the descriptions of the various embodiments the same 
parts are given the same reference numbers or component names, whereby the disclosures 
contained throughout the description can be applied to the same parts with the same reference 
numbers or the same component names. Also the details relating to position, such as e.g. top, 
bottom, side etc. relate to the Figure being described at the time and should be transposed to a 
new position when the position has changed. Furthermore, individual features of the various 
embodiments shown can represent independent solutions according to the invention. 

In Fig. 1 a displacement unit 1 for example for supply, manipulation, joining or control sys- 
tems of an assembly system for mounting parts 2 is shown. The latter comprises components 
3, 4 that can be displaced relative to one another using a drive unit 5, for example by means of 
compressed air, electricity or hydraulic fluid. Furthermore, the displacement unit 1 comprises 
at least one guiding device 6 for at least one of the components 3, 4. The displacement unit 1 
also comprises a control unit 7, whereby at least one member 8 of the control unit 7 process- 
ing logic information and/or bus information and/or a command is integrated into the drive 
unit 5 and/or into at least one of the components 3, 4 and/or is mounted on one of the compo- 
nents 3; 4. 

The control unit 7 comprises at least one control module 9 and/or one or more switching 
modules 10 allocated to the control module 9. At least one switching module 10 of the control 
unit 7 is designed for example as a pneumatic valve 1 1 . It can however also be designed as a 
relay or as a contactor. The control unit 7, in particular the switching modules 10 are con- 
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nected to the drive unit 5, which is designed for example as a pneumatic drive 12, hydraulic 
drive, servomotor drive, electric motor drive, manual drive or piezo drive. The pneumatic 
drive 12 is particularly in the form of an pneumatic cylinder 13. The latter comprises parallel 
closing elements 14, which can be adjusted relative to one another or can be mounted in a 
cylindrical pipe 15, whereby the volume and the displacement of the cylinder can be changed. 
Said cylindrical pipe 15 forms the guiding device 6 in the present embodiment. In component 
3, in particular in the cylindrical pipe 15, are signalling and/or monitoring members 16, which 
are designed for example as limit switches and/or proximity switches 17 and/or as a dis- 
placement measuring system and/or position detecting system. 

At least one mounting part 2 is located on a transport device 1 8, which in the present em- 
bodiment comprises a drive and/or guiding device 19 and workpiece carrier 20. The drive 
and/or guiding device 19 comprises for example drive axes 21, which run perpendicular to the 
transport device and to a central axis 22 of the pneumatic cylinder 13. A drive wheel 23 is 
arranged on the drive axis 21 and secured thereto and can be made for example of plastic or 
metal with a plastic coating. Spaced apart from the drive wheel 23 at a distance 24 measured 
parallel to the drive axis 21 is a guiding wheel 25 which is secured immobily not with the 
drive axis 21 for example. The guiding wheel 25, in particular a surface 26 thereof is pressed 
for example by means of elastic force against a flank surface 27 of the workpiece carrier 20 
running parallel thereto and at right angles to the drive axis 21, whereby an inner spacing 28 
of a recess 29 of the workpiece carrier 20 parallel to the distance 24 corresponds to the dis- 
tance 24 plus a double wheel width 30. 

On an upper side 3 1 of the workpiece carrier 20 facing away from the recess 29 and facing the 
displacement unit 1, which upper side is perpendicular to the central axis 22, is a mount 32 
attached for example detachably or non-detachably to the upper side 31 in which a mounting 
part 2 is arranged. The latter is designed as roller 33 made of plastic for example, which has a 
cylindrical bore 34 in which a bolt 35 also forming a mounting part 2 is to be pressed. Of 
course, the use of such a displacement unit 1 is not only restricted to transport devices 18 with 
workpiece carriers 20 or the mounting parts 2 described. 

The pneumatic cylinder 13 has a piston 36 forming the component 4, which has a piston sur- 
face 37 at right angles to the central axis 22, beyond which a piston rod 38 projects. In an end 
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region of the piston rod 38 facing away from the piston surface 37 the former comprises in the 
present embodiment a pressure piece 39, which is screwed onto the piston rod 38 for example, 
in particular onto a threaded section 40 thereof. In this way the displacement unit 1 in the pre- 
sent embodiment acts as a joining system, in particular as a pressing device for assembly 
parts. 

On an outer surface 41 of the cylindrical pipe 15 is the control unit 7, which is mounted for 
example on a console 42 connected detachably or non-detachably to the outer surface 41. The 
switching modules 10 are preferably connected detachably to the console 42 and are formed 
for example by a 4/2-way-valve 43, two restrictor return valves 44, 45 and two 3/2- way- 
valves 46, 47. The switching modules 10 comprise for example electrically operated drives 
48, which are connected by control lines 49 to the control module 9 illustrated by dashed 
lines. Of course, it is possible to design the control lines 49 not only as free, i.e. flexible, lines 
but to integrate them into an electric distribution bar or cable channel. The switching modules 
10 are connected according to their switching function for example by lines 50, in particular 
pneumatic pipes 5 1 . The control unit 7, in particular the control module 9 has inputs 52, for 
example for signals and/or commands of a central control unit and/or the signalling and/or 
monitoring members 16 and/or for signals and/or commands of an additional control unit 7 of 
further displacement units 1 and/or external input and/or output devices and/or drive units 5 
and/or power and/or switching modules 10, whereby the inputs 52 are connected for example 
by single point plugs with single lines, which can also be connected non-detachably to the 
inputs 52. 

The inputs 52 can also be connected by at least one multipoint plug with at least one multi- 
point line and/or by a bus connector plug 53 to a central connecting line. The control unit 7, in 
particular the control module 9 can also comprises outputs 54 which permit the output of sig- 
nals and/or commands to the central control unit and/or the switching modules 10. Further- 
more, outputs 54 can be used for example for signals and/or commands to the signalling 
and/or monitoring members 16 and/or control units 7 of additional displacement units 1 
and/or to external input and/or output devices and/or to drive units 5 and/or for power. The 
output of signals and/or commands can be performed by means of the bus connector plug 53 
which also forms an input 52. 



10 



The outputs 54 can like the inputs 52 be connected by single point plugs with single lines 
and/or by one or an additional multipoint plug to one or other multipoint line and/or via one 
or other additional bus connector plug 53 to one or other additional central connecting line. 
As shown in Fig. 2 the lines 50 shown in Fig. 1, in particular the pneumatic pipes 51 can be 
substituted or supplemented by a pneumatic distribution bar 55. The distribution bar 55 has a 
length 56 and a width 57 perpendicular thereto, which with a height 58 measured perpen- 
dicular to the width 57 delimits an end face 59. The latter comprises openings 60 for channels 
61 which extend for example over the entire length 56, parallel to the latter and parallel to one 
another. 

On an upper side 62 running perpendicular to the end face 59 and surrounded by the length 56 
and the width 57, openings 60 are also provided, preferably for the switching modules 10. 
Thus for example for the 4/2- w ay- valve 43 adjacent to the end face 59 on the upper side 62 
there are four openings 60 connected to corresponding openings 63 in the switching modules 
10. The channels 61 are formed for example by an air inlet channel 64, an air outlet channel 
65 and two connecting channels 66, 67. An opening 63 of the 4/2- way- valve 43 is connected 
to a channel 61 for example by a plug. Spaced apart from the 4/2-way- valve 43 in the oppo- 
site direction to the end face 59 is the 3/2- way-valve 46. The latter also comprises openings 
63, one of which is connected preferably detachably with the connecting channel 66, and in 
which the restrictor return valve 44 is arranged. Facing away from the upper side 62 of the 
pneumatic distribution bar 55 and parallel to the latter the 3/2-way- valve 46 is delimited by an 
upper side 68, which comprises two openings 63, one opening 63 comprising for example a 
sound damper 69, whereas the other opening 63 is connected to the pneumatic cylinder 13 
shown in Fig. 1 . The latter openings 63 can however also be arranged on the underside 70 of 
the 3/2-way-valve 46 facing the upper side 62 and away from the upper side 68, as a result of 
which in the pneumatic distribution bar 55 further channels 61 would be necessary. 

Spaced apart from the 3/2-way-valve 46 in opposite direction to the 4/2-way-valve 43 is the 
3/2-way-valve 47, which is connected by an opening 63 by an opening 60 arranged in the up- 
per side 62 of the distribution bar 55 with the connecting channel 67. Out of the opening 63 a 
restrictor return valve 45 extends for example inside the 3/2/ way- valve 47. There are also 
openings 63 on the upper side 68 of the 3/2-way-valve 47, whereby one opening 63 has a 
sound damper 69, and the other opening 63 is connected to the pneumatic cylinder 13 shown 
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in Fig. 1. A configuration of this kind or connection of switching modules 10 is preferably 
used for the end position damping of pneumatic cylinder 13 to be explained in more detail. 

Of course in this way any arrangement of switching modules 10 and thereby the realisation of 
various controls can be achieved. Accordingly the number of channels 61 arranged in the 
pneumatic distribution bar 55 and the switching modules 10 arranged on the pneumatic distri- 
bution bar 55 can be varied as desired. It is also possible to integrate the switching modules 
10 into the pneumatic distribution bar 55 and not, as shown by way of example, to arrange 
them detachably or non-detachably on the upper side 62. In addition, the switching modules 
10 can also be arranged on or in the cylindrical pipe 15 instead of being arranged on a pneu- 
matic distribution bar 55. In particular at least one component 3; 4 can comprise a pneumatic 
distribution bar 55. 

In Fig. 3 a development of the control unit 7 is shown in perspective view. The latter com- 
prises for example — as described for Fig. 2 - a pneumatic distribution bar 55 which com- 
prises channels 61 and on the upper side 62 of which several switching modules 10 are ar- 
ranged. The switching modules 10 comprise drives 71 which are connected detachably or 
non-detachably with the switching module 10 or with an electric distribution bus bar 72 pref- 
erably by plugs 74 designed as coupling devices 73. In the present embodiment the electric 
distribution bus bar 72 is a part of the control unit 7. It is however also possible to form a 
flexible connection between the electric distribution bus bars 72 and the control unit 7. Also 
the electric distribution bus bar 72 should not only be understood to be a rigid line connection, 
but can also be formed by flexible single lines preferably running into a housing. 

The control unit 7, in particular the control module 9 comprises in the present embodiment at 
least one display element 75, which is designed for example as a display 76 with text, number 
display, light-emitting diodes and/or acoustic information elements. In addition, the control 
unit 7 can comprise an input device 77, preferably in the form of a keyboard 78. The latter can 
however also be formed by a touch screen which combines the input device 77 with the dis- 
play 76. The display element 75 together with the input device 77 forms an input and/or out- 
put device 79. The electric distribution bus bars 72 and/or the control unit 7 comprise on an 
end side face 80 for example a multipoint plug 81 designed as an input 52 and/or output 54. It 
is also possible to use the bus connector plug 53 described in Fig. 1 . 
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In the jointly described Figs. 4 and 5 a further embodiment of a displacement unit 1 according 
to the invention is shown. The latter comprises the drive unit 5, which in the present embodi- 
ment is designed as a pneumatic cylinder 13 without a piston rod. The pneumatic cylinder 13 
without a piston rod in turn comprises a cylindrical pipe 15, which has connection openings 
82 which project from the outer surface 41 of the cylindrical pipe 15 up to a cylinder inner 
chamber 83. The cylindrical pipe 15 is used in turn as a guiding device 6 for the piston 36. 
This is designed for example to be hollow and comprises two parallel piston plates 84 at right 
angles to the central axis 22, which are connected detachably or non-detachably to flanges 85 
running parallel thereto. 

The flanges 85 are a component of a piston body 86, which has a rectangular cross section for 
example in a plane perpendicular to the central axis 22. The flanges 85 and the piston plates 
84 are adjusted in outline to the cross section of the cylindrical inner chamber 83 and are de- 
signed to be circular for example, i.e. concentric to the central axis 22. An outer surface 87 
delimiting the piston body 86 and parallel to the central axis 22 is used for mounting a slide 
88 which passes through a slot-shaped longitudinal opening 89 arranged in the cylindrical 
pipe 15. The slide 88 comprises a pneumatic distribution bar 55, which is secured detachably 
or non-detachably to an upper side 90 of the slide 88 perpendicular to the outer surface 87. 
The slide 88 has a height 91 measured parallel to the outer surface 87 which spaces the upper 
side 90 from an underside 92 of the slide 88 parallel thereto. The slot height 93 of the longitu- 
dinal opening 89 measured parallel to the slide height 91 is greater than the slide height 91 
plus the bar height 58 of the pneumatic distribution bar 55. On the upper side 62 of the distri- 
bution bar 55 or the electric distribution bus bars 72, which can also be arranged on the upper 
side 90 of the slide 88, are the switching modules 10. From the switching modules 10 lines 50 
run to connection openings 82 of an additional displacement unit 1, which is also designed for 
example as a pneumatic cylinder 13, but with a piston rod 38. 

The slide 88 is delimited in opposite direction to the outer surface 87 of the piston body 86 
and thus the component 4 by an end face 94, which has a mechanical interface 95 for addi- 
tional displacement units 1 and/or assembly and/or processing devices and/or for power 
and/or for control units 7. In place of lines 50 said mechanical interface 95 can be designed so 
that the end face 94 or the end face 59 of the pneumatic distribution bar 55 comprises not 
shown openings which correspond with also not shown openings in the other displacement 
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unit 1 . It is also possible instead of a separate pneumatic distribution bar 55 to design the slide 
88 to have integrated channels 61. 

On an inner end face 96 of the slide 88 or the pneumatic distribution bar 55 and/or the electric 
distribution bus bars 72 running parallel to the end face 94 and opposite the latter are inputs 
52 and/or outputs 54 which are combined in the present embodiment in the form of a bus line 
97. It is also possible however, instead of the bus line 97 to use a multipoint line or single 
lines. The bus line 97 can be flexible or rigid and runs as far as the piston plate 84 which faces 
the control unit 7 for the pneumatic cylinder 13 without a piston rod. In said piston plate 84 
there are inputs 52 and/or outputs 54 which are designed for example as coupling devices 98. 
From said coupling devices 98 up to the adjacent closing element 14 of the pneumatic cylin- 
der 13 without a piston rod extend one or more control lines 49 and/or one or more lines 50 
which are designed to be adjustable in length for example in the form of a spiral. 

On an outer surface 99 of the closing element 14 facing away from the piston 36 are coupling 
devices 98, which are allocated to the control lines 49 and/or lines 50. 

The control line 7 is also arranged on the outer surface 99. The latter also comprises a display 
76 and/or a keyboard 78. The control unit 7, in particular the control module 9 has inputs 52 
and/or outputs 54, which also can be designed as coupling devices 98 and are used for the 
transmission of signals and/or commands for example to a central control unit. This transmis- 
sion is however not necessarily possible only by means of lines 50 or control lines 49, but can 
also be performed for example optically by means of lasers or for example by means of infra- 
red or ultrasound. From the control module 9 extends an ASIC bus line 100 for example, 
which supplies the switching modules 10 or the signalling and/or monitoring members 16 
with power and/or data or conveys data from the latter. The ASIC bus line 100 is preferably 
bipolar. Via an interface 101 and/or via an evaluation unit 102 the signals and/or commands 
originating from the control module 9 and/or the central control unit and transmitted by the 
ASIC bus line 100 are transmitted to an electric distribution bus bar 72 which is arranged in a 
guiding device 103. 

The guiding device 103 is preferably arranged in the cylindrical pipe 15 and extends for ex- 
ample at least over a portion of a length 104 of the drive unit 5. It is thus designed so that it 
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projects groove-like over the outer surface 41 of the cylindrical pipe 15 in opposite direction 
to the piston 36. In the region of the outer surface 41 it has a slot width 105, which is arranged 
symmetrically about a central plane 106 running through the central axis 22. At a depth 107 
measured from the outer surface 41 in opposite direction to the piston 36 the guiding device 
103 comprises a groove 108, which has a width 109 parallel to the slot width 105 and perpen- 
dicular to the central plane 106 which is greater than the slot width 105. The groove 108 has a 
height 1 10 measured adjoining the depth 107 in opposite direction to the piston 36. In addi- 
tion to the groove height 1 10 the guiding device 103 also comprises a recess groove 111 
which has a width 1 12 measured parallel to the groove width 109 that is smaller than the lat- 
ter. 

The cylindrical pipe 15 also comprises connection openings 82 projecting from the outer sur- 
face 41 in the direction of the inner chamber of the cylinder 83. Symmetrically about the cen- 
tral plane 106, a bore distance apart 1 13 channels 61 run in the cylindrical pipe 15, in par- 
ticular an air inlet channel 64 and an air outlet channel 65. From the latter connecting chan- 
nels 114 extend up to the groove 108 and run at right angles to the outer surface 41 . 

Switching modules 10 are inserted into the guiding device 103 which in the present embodi- 
ment as designed as valve cartridges 1 15. Said switching modules 10 comprise for example a 
flange 1 16 with contact elements 1 17 which are in contact with the electrical distribution bus 
bar 72. The electric distribution bus bar 72 which in the present embodiment is designed as a 
conductor can however also be in the form of lines integrated into the component 3, i.e. in the 
cylindrical pipe 15. In addition, it is also possible for the switching module 10, in particular 
the valve cartridge 1 15, to have a separate control module 9, which is provided either in addi- 
tion to the control module 9 arranged on the closing element 14 or replaces the latter. 

The guiding device 103 also forms a bar-shaped securing device 1 18 for the signalling and/or 
monitoring members 16. These can also comprise control modules 9. It is also possible not to 
integrate the guiding device 103 into the drive unit 5, i.e. into the cylindrical pipe 15, but to 
design it as a separate component, which is secured detachably or non-detachably to the drive 
unit 5, in particular the cylindrical pipe 15. In this way the guiding device 103 can comprise 
several connection openings arranged at prespecified distances in the direction of the length 
104, at least one of which corresponds with connection openings 82 arranged in the cylindri- 
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cal pipe 15, i.e. in the drive unit 5. In this way it is possible to design the guiding device 103 
for a modular structure of the displacement unit 1 . 

In Fig. 6 a further embodiment of a displacement unit 1 according to the invention is shown. 
The latter comprises components 3, 4 that are adjustable relative to one another, whereby 
component 4 is arranged by means of a guiding device 6 designed for example as a linear 
guide 1 19 on the preferably frame-shaped component 3. The guiding device 6 can however 
also be designed as a rotary and/or gear guide for example or as a sliding track. The frame- 
shaped component 3 for example has two parallel connecting elements 120, which are spaced 
apart by longitudinal elements 121 running at right angles and parallel to one another. The 
connecting elements 1 20 are used for mounting securing devices 1 22 which are formed for 
example by a damping device 123, in particular a shock absorber 124. In this way the compo- 
nent 4 is restricted in at least one direction of movement on the component 3. Signalling 
and/or monitoring members 16 are also arranged in the connecting elements 120, which are 
designed for example in the form of capacitive proximity switches 17. 

The guiding device 6 is designed for example as a ball bush guide whereby the component 4 
has at least one ball bush 125, in which a guide shaft 126 is inserted, which is arranged se- 
curely on the component 3. A longitudinal element 121 comprises for example the drive unit 
5 which in the present embodiment is also designed as a pneumatic cylinder 13. 

Said pneumatic cylinder 13 is designed as a linear cylinder and comprises the slide 88 on 
which component 4 is secured. The latter comprises in turn the interface 95, on which for ex- 
ample a not shown additional displacement unit 1 can be arranged and in the region of which 
also not shown inputs 52 and/or outputs 54 of a control unit 7 can be arranged, which can be 
line connected by plug connections to a control unit 7 of a not shown additional displacement 
unit 1 . Integrated into the drive unit 5 or the component 4 is the pneumatic distribution bar 55 
and/or the electric distribution bus bar 72 with the control module 9. The electric distribution 
bus bar 72 is connected by dot-dash shown control lines 49 to signalling and/or monitoring 
members 16 and the pneumatic distribution bar 55 via lines 50, for example pneumatic pipes 
51 to the switching modules 10. 
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As shown for example in the jointly described Figs. 7 to 9, the control module 9 is in the form 
of a microprocessor 127 for example, which is connected by conductors 128 forming control 
lines 49 to an interface 129 forming an input 52 and/or output 54. The latter comprises an 
integrated or, as shown, an external evaluation unit 130 which is also connected to the micro- 
processor 127. In addition, a memory 131 for saving, in particular individual movements, and 
an input 52 and/or output 54 designed as an external interface 129 for external input and/or 
output devices 79 are connected to the microprocessor 127. In addition the microprocessor 
127 can also be connected to a driver 132 which is arranged between outputs 54 and the mi- 
croprocessor 127 and to a D/A converter 133 which is arranged between inputs 52, in par- 
ticular for measuring members and/or signalling and/or monitoring members 16 and the mi- 
croprocessor 127. The microprocessor 127 is designed so that it detects one or more of the 
following functions in parallel or in series: 

- initialisation mode 

- control mode 

- learning mode 

- monitoring mode 

Of course, it is possible to provide a separate microprocessor 1 27 for each of these functions 
to perform these functions using a conventional control or perform them in a central control 
unit 134. 

The initialisation mode is used so that on forming the connection between the control module 
9 and the control unit 134, the basic parameters of the control module 9 or the displacement 
unit 1 are transmitted. The latter can for example be transmitted in the form of a program 
which makes the potential reference values of the displacement units 1, in particular the 
pneumatic cylinder 13, appear on an external input and/or output device 79 or on a screen of 
the control unit 134. Said potential reference values, such as example displacements in x and 
y direction, speeds and forces can therefore be stored in the memory 131. The operator can 
now determine the actual, i.e. current reference values, for example the displacement, the ac- 
celeration, the deceleration of the piston 36 of the pneumatic cylinder 13, according to the 
individual movement situation. This can be performed for example in such a way that by 
means of the input and/or output device 79 or by means of the control unit 134, the potential 
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reference values can be shown as variables, which can be provided by the operator with the 
corresponding current reference values. If the current reference value entered by the operator 
exceeds the stored potential reference value, a warning can be sent to the operator for exam- 
ple. 

Such an initialisation of a displacement unit 1 can however also be performed by means of a 
data glove and simulation of the displacement unit 1 directly at the control module 9. In this 
case the operator with the data glove executes the movement to be performed directly in the 
relevant assembly station.. The displacement unit t performs these movements of the data 
glove preferably simultaneously and transmits the values detected by measuring members 
and/or the signalling and/or monitoring members 16, for example x and y components, to the 
microprocessor 127 and/or to the control unit 134, whereby the data glove is connected cou- 
plably by inputs 52 and/or outputs 54 to the control unit 7 and/or the control unit 134, and the 
movement data conveyed to the latter. The latter calculate from this a function of the move- 
ment and store it as a program. In particular by using a data glove as an input and/or output 
device 79 the expense of programming can be considerably reduced and the displacement unit 
1 can be used variably accordingly. The x and y components can however also be detected by 
a local positioning system similar to the GPS. Thus for example when producing not shown 
different mounting parts 2 on an assembly device for each individual mounting part 2 and 
each individual displacement unit 1 a corresponding program can be developed rapidly and 
saved. The input and/or output device 79 can however also be designed as a keyboard, a 
reading device for chipcards, magnetic cards, CDs, diskettes or tapes. 

The other control modules 9 or displacement units 1 can be initialised in the same way. On 
using a bus line system the control module 9 following the already initialised control module 
9 can be connected to the former via the not shown bus line 97. In this case the potential ref- 
erence values are sent to the central control unit 134 avoiding the preceding control module 9. 
The operator can now also determine the actual reference values for this additional control 
module 9, which can be stored in the control unit 134 or in the memory 13 1 as data or in pro- 
gram form. In this manner for each individual control module 9 the corresponding handling 
program can be provided. 
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As however in many cases the activation of a control module 9 can be dependent on the han- 
dling parameter of another control module 9, it is also necessary to connect the individual 
handling programs of the control modules 9. This can be performed by means of the control 
unit 134 and/or the control modules 9 themselves. For this purpose for example after the ini- 
tialisation of a control module 9, i.e. after determining the current reference values, the latter 
can ask in a dialogue with the operator „Start signal?" This start signal is a freely definable 
variable used by the operator. The operator can use a signal of a different displacement unit 1 
in that this other displacement unit 1, i.e. the other control module 9, creates a monitoring 
signal, which is sent from the signalling and/or monitoring members 16 of this other dis- 
placement unit 1 via for example the D/A converter 133, and via the interface 129 as a data 
bus addressed to the displacement unit 1 needing the start signal, which data bus is used in the 
variable „start signal?". A connection of this kind of various control modules 9, i.e. various 
displacement units 1, can also be performed however via the input and/or output device 79 of 
a control module 9. 

The control mode is carried out as follows. 

The interface 129 is connected to a central connection line 135, which is designed as a serial 
or parallel bus line 136 and leads to at least one control unit 134 and additional displacement 
units 1. From the control unit 134 and/or from one or more additional control modules 9 the 
interface 129 receives one or more data sets provided with an address. In the evaluation unit 
1 30 a comparison of these addresses is made with the address of the control module 9, 
whereby when the addresses coincide the control module 9 is supplied with the transmitted 
data set. A data set of this kind can in the present example merely be a starting pulse for the 
control module 9 and thus for the displacement unit 1 concerned, which is transmitted for 
example from a control module 9 of a different displacement unit 1 , which has completed its 
tasks. 

In this case, as already described above, the operator by means of the control unit 134 or an 
external input and/or output device 79 can instruct the microprocessor 127 of the control 
module 9 of this other displacement unit 1, to enter a signal received by a signalling and/or 
monitoring member 16, for example a position of the pneumatic cylinder 13 via the interface 
129 to a control module 9 of a displacement unit 1 addressed into the bus line 136, whereby 
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this signal reaches the interface 129 of the control module 9 of the displacement unit 1 and is 
fed into the microprocessor 127 of this control module 9 where it is used as a starting pulse 
for the program for this displacement unit 1 determined by the operator after the initialisation 
mode in the memory 131 of the control module 9 or in the central control unit 134. 

With the arrival of the start pulse in the microprocessor 127 its program begins to run. In this 
case by means of the driver 132, if there is one, one or more switching modules 10 are 
charged by one or more control lines 49, so that for example a coil designed as a drive 48 of 
the switching modules 10 is flowed through with current and a valve body is moved by means 
of magnetic force. In this way for example by means of the connection opening 82 of the 
pneumatic cylinder 13 shown in Fig. 4 the latter is charged with compressed air and operates 
for example at constant speed. It is also possible however instead of conventional pneumatic 
valves 1 1 to use servovalves and thus vary the speed of the piston 36. 

If the piston 36 now reaches a position which can be detected by means of the measuring 
member and/or the signalling and/or monitoring member 16 shown in Fig. 4 and/or prespeci- 
fied in the program of the microprocessor 127, a pulse arrives via a control line 49 to the mi- 
croprocessor 127, which sends a corresponding signal to the switching module 10, i.e. to the 
drive 48 of a pneumatic valve 1 1 , and for example ends the air supply to the pneumatic cylin- 
der 13 and stops its movement. Of course, however the evaluation of sensors 137 designed as 
signalling and/or monitoring members 16 can also be performed in the control unit 134 and 
the drive or charging of individual actuators 138 of a displacement unit 1 can be performed 
directly via the central bus line 136. In addition, the switching and control procedures should 
not be understood to be restrictive and only represent a simple example of a control module 9. 
Furthermore, data can be transmitted between the control unit 7 and control unit 1 34 and/or 
from the individual components of the control unit 7 to the latter optically by means of lasers 
or for example by means of infrared or ultrasound. 

As already explained the control module 9 also has a learning mode. In this case, as already 
shown in the control mode, for example a position to be reached by the piston 36, i.e. a refer- 
ence value in the program of the microprocessor 127 designed as logic element 139 is prede- 
termined and detected for example by means of a measuring member, in particular a dis- 
placement measuring device. 
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Once the piston 36 reaches this position the corresponding pulse of a displacement measuring 
device forming a signalling and/or monitoring member 16 is evaluated in the microprocessor 
127, and the required pulse is sent to the switching module 10, which stops the supply of 
power to the drive unit 5. Due to the kinematic energy of the piston 36 however, despite end- 
ing the air supply, the piston 36 may move beyond the given position, which can affect the 
precision of positioning the displacement unit 1 . 

By means of the displacement measuring device the actual position, i.e. the actual value of the 
displacement unit 1, in particular the stopped piston 36 is detected, and sent to the microproc- 
essor 127 and/or the central control unit 134, where the actual value is compared with the ref- 
erence value and the different between the reference position and the actual position of the 
piston 36 is determined. After determining the difference the microprocessor 127 sends a 
pulse for opening a switching module 10, whereby the piston 36 is moved back by the differ- 
ence for example restricted, and thus the exact position is reached, i.e. the actual value is ad- 
justed to the reference value. This difference is also used for the next displacement cycle, in 
order to actuate the switching module 10 not just when reaching the reference position, but 
earlier by the calculated difference. This means that the actual value is defined as the refer- 
ence value which represents an optimised time value for example with respect to cycle time, 
wear, vibration etc. A learning mode of this kind is advantageous in particular for increasing 
the acceleration of the piston 36 and a corresponding damping, i.e. slowing down of the piston 
36. The advantage of such a learning function is in particular that on using servovalves the 
pistons 36 of the pneumatic cylinder 13 are accelerated or slowed down, and in this way there 
is a change in the kinematic energy of the piston, which makes the deceleration of the piston 
more difficult to an exact position. 

A further example of the learning mode can on using corresponding sensors 137, in particular 
microsensors, reduce the loading and thereby the wear of the displacement unit. Thus for ex- 
ample, as shown in Fig. 1 , on the tool carrier 20, in particular on its upper side 31 a vibration 
sensor designed as a signalling and/or monitoring member 16 can be provided, which trans- 
mits its data wirelessly or by line to the control module 9 and/or to the control unit 134. A 
vibration sensor and/or force sensor of this kind can however also be arranged on the dis- 
placement unit 1 for example on component 3 and/or component 4. 
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If for example after the initialisation mode the first cycle of the displacement unit 1 is per- 
formed and as shown in Fig. 1 for example, a gripper with a mounting part 2 drives too „hard" 
on the tool carrier 20 or a mount 32 for the mounting part 2, the vibration sensor transmits the 
value of the vibration to the control module 9 and/or the control unit 134. The latter evaluate 
the measurement value and on exceeding a specific predeterminable target value, for example 
by means of calculating algorithms such as fuzzy logic, neuronal networks or genetic algo- 
rithms, calculate a new end position of the gripper, which on reaching the mounting part 2 is 
no longer placed „so hard" into the mount, which is achieved preferably by the end position 
damping described below. The relative number of cycles between two consecutive adjust- 
ments of the positions of the components 3, 4 can be used to determine a maintenance plan. In 
this way it is possible on the basis of the predeterminable reference value to determine an op- 
timum drive curve of the displacement unit 1 and to control the switching modules 10 ac- 
cordingly. 

It is also possible however to detect wear by measuring pressure and thus establish mainte- 
nance prognoses. Thus for example on initialisation the pressure in the air inlet line of the 
pneumatic cylinder 13 is determined by a pressure sensor and saved in the memory 131. The 
actual pressures are detected cyclically. Due to wear, for example in the region of the piston 
36 and the cylindrical pipe 15, or the linear guide 1 19 designed as a guiding device 6 and il- 
lustrated in Fig. 6 the sliding friction is reduced, which results in a reduction of frictional 
forces and thereby directly to a reduction in pressure. This drop in pressure thus signalises the 
degree of wear of the elements concerned, and can, as already described, be used as parame- 
ters for the modes of the displacement unit 1 . 

By means of the also provided monitoring mode for example an exact maintenance and up- 
keeping of the displacement unit 1 can be performed. The microprocessor 127 counts for ex-, 
ample the absolute number of performed cycles and the relative cycle number between two 
consecutive corrections of the parameters on the basis of the learning mode. If the relative 
cycle number drops so far that it falls below a predeterminable minimum cycle number the 
microprocessor 127 sends a repair signal either directly to the control unit 134 or via the ex- 
ternal interface 129 to external input and/or output devices 79. The repair signal is set in a 
relation to the absolute cycle number and a maintenance plan for the future can be developed 
therefrom. 
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Of course, the wear can also be determined directly for example by surface roughness meas- 
urements and/or by continual measuring of the objects, for example the piston 36 or the seal- 
ing rings. Mainly in the areas of control and learning mode specific displacement modes for 
the displacement unit 1 such as a for example „normal drive", „slow drive" or „rapid drive" 
can be predetermined by positioning paths and speed profiles 140. 

The functions of the displacement unit 1 are now explained with reference to a control shown 
in Fig. 8 for variable speeds and end position damping of a piston 36 in a predeterminable 
position. 

The starting point here is the available displacement time of a displacement unit 1 resulting 
from the cycle time of an assembly system, in particular a double acting pneumatic cylinder 
13. The latter should be 70 ms for example. As illustrated better in Fig. 9 the speed profile 
140 is formed therefrom. The pneumatic cylinder 13 is charged with compressed air on one 
side 142 at the time point and/or at position 141. The compressed air comes from a central or 
decentral compressed air supply 143, which is connected to an electrically operated 4/2 valve 
144 formed as a switching module 10. The electrically operated 4/2- way-valve 144, for ex- 
ample the drive 145 designed as a coil is connected by a control line 49 and the driver 132 to 
the microprocessor 127, which via the interface 129, the evaluation unit 130 and the bus line 
136 receives the starting signal from the control unit 134 or a control module 9 of a different 
displacement unit 1. 

By means of this starting signal the 4/2-way-valve 144 is switched and a line 146 put under 
pressure. In this case a restrictor return valve 147 designed as a switching module 10 is re- 
leased in flow direction to the pneumatic cylinder 13 and the compressed air reaches an elec- 
trically operated 3/2- way-valve 148 unrestrictedly. A drive 149 of this valve is connected by a 
separate control line 49 or via the control line 49 of the 4/2-way-valve 144 to the microproc- 
essor 127 and is inactivated on the advance of the piston 36, so that a free passage of the 
compressed air is provided to side 142. 

At the same time (as the time point or position 141) with the starting pulse at the 4/2-way- 
valve 144 a pulse is sent via a control line 49 to a further 3/2-way-valve 150, for example just 
by microprocessor 127 and not by the control unit 134, which is connected to the side 151 of 
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the pneumatic cylinder 13 and in this activated state the side 151 is completely deaerated for 
example by means of a sound damper 1 52. The piston 36 can now be accelerated with full 
pressure on side 142 and at a given time point 153 in the microprocessor 127 or in the control 
unit 134 reaches position 154. At time point 153 the pulse from the microprocessor 127 to the 
additional 3/2-way-valve 150 is switched off, whereby the latter is moved back for example 
activated by spring force into its position of rest and the outlet of compressed air from the side 
15 1 is performed no longer by a sound damper 1 52 but by counter pressure by a further re- 
strictor return valve 155, as a result of which the piston speed is reduced until position 156 is 
reached. 

At position 156 either a holding time begins not shown in Fig. 10, during which an additional 
displacement unit 1 arranged for example on the piston rod 38, completes its task, or the re- 
turn motion of the piston 36 is performed. For this the pulse on the drive 145 of the 4/2-way- 
valve 144 is removed, whereby the latter adopts a position of rest due to the spring force. In 
the latter the air flows into a line 157 in the direction of side 151. Here the restrictor return 
valve 155 is flowed through unrestrictedly in the direction of the second 3/2-way-valve 150, 
the drive 149 of which is not charged and thus compressed air reaches the side 151. 

At the same time at position 1 56 by the microprocessor 1 27 a pulse is sent to the drive 149 of 
the first 3/2-way-valve 148 and activates the latter, as a result of which the side 142 is com- 
pletely deaerated by a sound damper 152. The piston 36 now moves at maximum speed from 
position 156 to position 158. On reaching position 158 the pulse, i.e. the tension on the drive 
149 of the first 3/2-way-valve 148 is removed, as a result of which the latter is returned by 
spring force into its position of rest, and frees the path in the direction of the first restrictor 
return valve 147, whereby the compressed air emerging from side 142 is restricted and the 
piston 36 is braked. Both in position 141 and in position 156 - as shown in Fig. 6 - securing 
devices 1 22 for example in the form of switchable end stops can be arranged, which them- 
selves can act as signalling and/or monitoring members 16 or comprise additional signalling 
and/or monitoring members 16. If one is arranged at position 141 , for example a pulse is sent 
via a separate control line 49 or a central connecting line 135 to the microprocessor 127, 
which conveys this signal via the evaluation unit 130 and the interface 129 to the control unit 
134 and/or processes its into a pulse, in which it ends the program stored in the memory 131 . 
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Of course, instead of the time control there can be a displacement measurement in the drive 
unit 5 and according to predeterminable positions the described pulses can be generated and 
distributed. The said switching modules 10, i.e. the 4/2-w ay- valve 144, the 3/2-way- valves 
148, 150 and the restrictor return valves 147, 155 are only examples, and can of course be 
substituted and/or supplemented according to different control functions by different switch- 
ing modules 10. 

One problem with the individual modes is creating a reference parameter which forms the 
starting point for joining the individual control modules 9 or displacement units 1 . A refer- 
ence parameter of this kind can for example be the speed of a pneumatic cylinder 13 and thus 
the cycle time of a displacement unit 1 . In this case after the initialisation mode the cycle time 
of each individual displacement unit 1 can be determined and for example sent into the central 
control unit 134. There a comparison of all cycle times of the displacement units 1 is per- 
formed and the ^slowest" displacement unit 1 is determined, i.e. the greatest pulse time of the 
displacement unit 1 is established. To this cycle time the cycle times of the other displacement 
units 1 are coordinated for example by means of the learning mode. 

In the jointly described Figs. 10 and 1 1 the sequence of the initialisation mode is shown in 
combination with the learning mode for optimising reference valves with respect to the cycle 
time. If an assembly system is to be composed of several not shown displacement units 1 , 
method step 159 is commenced. In the latter there is a selection of a physical target variable in 
the central control unit 134 shown in Fig. 7 and/or in the control module 9 to be optimised 
from a specific number of such physical target variables. The latter can for example be the 
maximum speed, the minimum impact or the necessary speed. The necessary speed of a dis- 
placement unit 1 is oriented to each displacement unit 1 which takes the greatest time for a 
specific assembly step to be performed thereby for procedural reasons. As this slowest dis- 
placement unit 1 determines the cycle time of the entire assembly system it is not necessary 
that other displacement units 1 , which are „faster" than the „slowest" displacement unit 1 per- 
form the assembly steps to be performed thereby in their minimum possible individual cycle 
time. 

If the individual cycle times, i.e. the individual speeds of the various displacement units 1 are 
adjusted to those of the "slowest*' displacement unit 1, in this way unnecessary wear can be 
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avoided in the potentially faster displacement units 1. After method step 159 sequence 160 is 
performed. In the latter the connection between the central control unit 1 34 and the first dis- 
placement unit 1 or the first control module 9 is formed for example by means of the bus line 
136. After this procedure 161 is performed. In the latter the potential reference valves of the 
displacement unit 1 determined in the control module 9 especially in the memory 131 for ex- 
ample maximum displacements in x and y direction are sent to the central control unit 134 
automatically by producing the connection in sequence 160. After this follows method step 
162, in which now the actual reference values of the displacement unit 1 or the control mod- 
ule 9 adjusted to the corresponding assembly situation of the displacement unit 1 are pregiven 
at the central control unit 1 34 or for example at an external input and/or output device 79. 
Once the method step 162 has been completed sequence 163 is performed which is formed by 
the learning mode. 

The latter is illustrated in more detail in Fig. 1 1 . The learning mode begins with procedure 
1 64, in which the control module 9 programmed with reference values or the displacement 
unit 1 is started manually and externally, followed by method step 165. In the latter the 
switching modules 10 of the displacement unit 1 are actuated according to the entered actual 
reference values. Once the switching modules 10 have ended their prespecified sequences and 
thus the displacement unit 1 for example has reached its reference position according to the 
reference values, in sequence 166 the actual values are detected, i.e. for example the actual 
positions of the components 3, 4 of the displacement unit 1. Afterwards in procedure 167 a 
comparison of the detected actual values with the entered reference value is made and where 
there is insufficient correspondence there is a return to the beginning of method step 165 and 
thus a further actuation of the switching modules 10 and a change of position of the elements 
e.g. the components 3, 4 of the displacement unit 1 is performed. If the reference-actual value 
comparison is successful in procedure 167, i.e. the actual values correspond with the reference 
values, the actual target variable of the relevant displacement unit 1 are stored in the sequence 
168. Which target variable should be stored from a possible number of actual target variables 
is determined by the selection made in method step 159 of the physical target variable to be 
optimised. 

After completing the learning mode of the individual displacement units 1 in method step 169 
it is queried whether the method step 159, the sequence 160, the procedure 161 , the method 
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step 162 and the sequence 163 has been performed for all control modules 9 or all displace- 
ment units 1 . If this is not the case, there is a return to the beginning of sequence 160, 
whereby the previously described sequence is carried out for a further control module 9 or a 
further displacement unit 1. However, if all control modules 9 or displacement units 1 are 
initialised in this way or the latter have learnt their optimum settings, in procedure 170 the 
common target value of all displacement units 1 is detected from the amount of actual target 
values of individual displacement units 1 detected and stored in the sequence 163. 

Said target value can for example, as already indicated, be the pulse time of the „slowest" 
displacement unit 1 , which determines the necessary speed for all displacement units 1 . In 
procedure 171 beginning with the first displacement unit 1, a comparison of the actual-target 
variable is made with the target value. If the latter do not correspond method step 172 is per- 
formed, which is formed for example by sequence 163 i.e. by the learning mode. After com- 
pleting the learning mode i.e. after ending sequence 163 and adjusting the actual values of the 
displacement unit 1 to the target value procedure 171 is carried out, i.e. a comparison of the 
actual target variable of the first displacement unit 1 with the target value. If these two do not 
coincide there is a return to the beginning of method step 172, i.e. to the learning mode. If the 
comparison is successful however, i.e. the latter coincide, it is queried in sequence 173, 
whether all actual target variables of all displacement units 1 or all control modules 9 have 
been compared and adjusted by means of procedure 171 with the target value. 

If this is not the case there is a return to the beginning of procedure 171, where now the actual 
target variable of an additional displacement unit 1 is compared with the target value. If the 
actual target variable corresponds with the target value, which are compared in procedure 171, 
the process continues to the beginning of sequence 173. However, if in sequence 173 it is 
found that all actual target variables of all displacement units 1 or control modules 9 have 
been compared with the target value procedure 174 is commenced, i.e. the control mode 
and/or the monitoring mode commences for example, whereby the assembly system is started. 

It should also be mentioned that method steps 159, 162, 165, 169, 172 and/or sequences 160, 
163, 168, 170 and/or procedures 161, 164, 167, 170 can be preset in the central control unit 
134 and in an individual control module 9 of a displacement unit 1 or in several control mod- 
ules 9 and several displacement units 1 . 
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In the jointly described Figs. 12 and 13 a further embodiment of the displacement unit 1 ac- 
cording to the invention is shown. The latter is basically the same as the displacement unit 1 
shown in Figs. 4 and 5. The displacement unit 1 comprises adjacent to the outer surface 41 
signalling and/or monitoring members 16 and switching modules 10. The signalling and/or 
monitoring members 16, which can have separate control modules 9 and/or logic elements 
139, preferably have contacting openings 175 arranged symmetrically about the central plane 
106, which forms a line connection to a bus line 136, comprising for example two individual 
conductors 176, which forms the electric distribution bus bar 72. The bus line 136 can how- 
ever also be designed as a 3-conductor system, one conductor of which is designed as an 
emergency off conductor by means of which the power supply of all actuators 138 is inter- 
rupted. In this case the signalling and/or monitoring member 16 comprises for example an 
initiator element 177, an electronic module 178 forming a logic element 139 connecting the 
latter and connecting lines 179 from the electronic module 178 o the contacting openings 175 
via which the received signals are transmitted from the initiator element 177 to the bus line 
136. 

The switching modules 10 also do not have the shown contacting openings 175 by which the 
latter are supplied with power via the bus line 136. The bus line 136 has for example a circu- 
lar cross section, whereby it is possible to change both the switching modules 10 and the sig- 
nalling and/or monitoring members 16, in particular their position as desired along the dis- 
placement unit 1 . It is also possible however to integrate the bus line 136 into lines 50, in par- 
ticular into a pneumatic pipe 51 for the switching modules 10. 

Finally, it should be noted that in the embodiments described above individual parts have 
been enlarged disproportionately in order to improve understanding of the solution of the in- 
vention. Furthermore, individual parts of the previously described combinations of features of 
the individual embodiments can form independent solutions according to the invention in 
connection with other individual features from other embodiments. 

The objectives and solutions relating thereto according to the invention can be taken from the 
detailed descriptions of these Figures. 
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108. Groove 

109. Groove width 

1 10. Groove height 

111. Recess groove 

1 1 2. Groove width 

113. Bore spacing 

1 14. Connecting channel 

115. Valve cartridge 

1 16. Flange 

117. Contact element 

118. Securing device 
1 19. Linear guide 

1 20. Connecting element 



121. Longitudinal element 

122. Securing device 

123. Damping device 

124. Shock absorber 

125. Ball bush 

126. Guide shaft 

127. Microprocessor 

128. Conductor 

129. Interface 

1 30. Evaluation unit 

131. Memory 

132. Driver 

133. D/A converter 

134. Control unit 

135. Central connection line 

136. Bus line 

137. Sensor 

138. Actuator 

139. Logic element 

140. Speed profile 



141 . Position 

142. Side 

143. Compressed air supply 

1 44. 4/2-way- valve 

145. Drive 

146. Line 

147. Restrictor return valve 

148. 3/2-way-valve 

149. Drive 

150. 3/2-way-valve 

151. Side 

152. S hock absorber 

153. Time point 

154. Position 

155. Restrictor return valve 

156. Position 

157. Line 

158. Position 

159. Method step 

1 60. Sequence 



161. 


Procedure 
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Method step 
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Sequence 
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Method step 
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Sequence 
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Procedure 
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Sequence 
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Method step 
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Sequence 
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Procedure 
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Contacting opening 
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Individual conductor 
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Initiator element 
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Electronic module 


179. 


Connection line 



